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(54) Method of an apparatus for foaming a viscous material 



(57) The invention resides in mixing low-pressure 
gas in a viscous material. The flow of the gas can be 
easily controlled so that the dispersion of the mixing 
ratio of the viscous material to the gas may be confined 
within a small tolerance and fine bubbles may be uni- 
formly distributed in the interior of the viscous material. 

The gas is mixed in the viscous material by means 
of a first pump 42, from which a mixture of the gas and 
the viscous material is delivered. Pressure is applied to 
the mixture by means of a second pump 51 . The gas is 
distributed in the interior of the viscous material by 
allowing the mixture under pressure to pass through a 
conduit assembly 61 . The viscous material is foamed 
when the mixture is discharged from a nozzle 73 
through a discharge pipe 71 . 
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Description 

BACKGRQ! [NQ ™ THE INVENTION 
5 PioiH nf the invention 

" This invention relates to a method of and an apparatus for foaming a viscous materia, which is particularly adapted 
for use as. e.g., a gasket to be formed at a job site or a fissure-filling sealant. 

w npgnri pKon o f the nrior art 

Fin 10 shows a schematic view of a circuit that constitutes a prior art apparatus 90 of the kind indicated above. 

cooling down before the gas mixed therein ,s id isperMd _ ^ and subjected to pressure 

interior of the viscous material is rendered uneven. method Qf ^ 

,n view of the above-described problems. ™ * with foe viscous material and 

material. 

immaRY HP THE INVENTION 
^preferred er^^ 

^Tm m eS e asdefinedinc.am 2 comprises the steps of 

Sart^^Sk viscous materia, by discharging foe r^xture through a discharge p,pe. 
Claim 3 refers to a mechanical suction pump to be used as said first pump. 
Claim 4 refers to carbon dioxide to be used as said gas ^ hpras saidoas 

material in the discharge pipe. 
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Claim 7 refers to a piston pump to be used as said second pump. 

In accordance with claim 8, the mixture provided in the first step in claim 2 is delivered to the second step at a deliv- 
ery pressure of 100 Kg/cm 2 or less. In the second step, the mixture is put under pressure amounting to 100 Kg/cm 2 or 
more. 

5 In accordance with claim 9 r the mixture is allowed to pass through a static mixer in the second, third or fourth step. 

In accordance with claim 10, the mixture is allowed to pass through a power mixer in the second, third or fourth 
step. 

In accordance with claim 1 1 , a pressure regulating valve provided downstream of the tubular conduit serves to 
maintain the pressure applied to the mixture in the tubular conduit at a predetermined level. 
70 In accordance with claim 12, said second pump is actuated in association with a valve installed in a line for directing 
the mixture therethrough during the fourth step, said second pump being actuated earlier than the opening of the valve. 

A method as defined in claim 13 comprises the steps of mixing gas in a viscous material in the interior of at least 
one piston pump installed in the delivery pipe of a first pump allotted for delivering the viscous material, applying pres- 
sure to a mixture of the gas and the viscous material by means of a second pump, distributing the gas in the interior of 
is the viscous material by allowing the mixture under pressure to pass through a tubular conduit, and foaming the viscous 
material by discharging the mixture from the tubular conduit 

Claim 14 refers to a follower plate pump to be used as said first pump. 

In accordance with claim 15. the gas is the first to be supplied to said at least one piston pump during the first step, 
followed by a supply of the viscous material. 
20 In accordance with claim 16, the gas to be mixed in the viscous material is supplied to said at least one piston pump 
separately from the viscous material . 

In accordance with claim 1 7, a plurality of piston pumps are allotted for mixing the gas in the viscous material. 

In accordance with claim 18, the mixing ratio of the viscous material to the gas is controlled by controlling the ratio 
of supply pressure applied to the viscous material to supply pressure applied to the gas in supplying them to said at 
25 least one piston pump during the first step. 

In accordance with claim 19, the mixing ratio of the viscous material to the gas is controlled by controlling the flow 
rates of the gas and the viscous material to be supplied to said at least one piston pump during the first step, the flow 
rates being controlled according to the pressure undergone by, and the density of, the viscous material in the discharge 
pipe. 

30 Claim 20 refers to carbon dioxide to be used as said gas. 

Claim 21 refers to carbon dioxide and nitrogen to be used concomitantly with each other as said gas. 
Claim 22 refers to a piston pump to be used as said second pump. 

In accordance with claim 23, the mixture is allowed to pass through a static mixer in the second, third or fourth step. 
In accordance with claim 24, the mixture is allowed to pass through a power mixer in the second, third or fourth 
35 step. 

In accordance with claim 25. a pressure regulating valve provided downstream of the tubular conduit serves to 
maintain the pressure applied to the mixture in the tubular conduit at a predetermined level. 

In accordance with daim 26, said second pump is actuated in association with a valve installed in a line for directing 
the mixture therethrough during the fourth step, said second pump being actuated earlier than the opening of the valve. 

40 An apparatus as defined in claim 27 comprises a first pump for delivering a mixture of gas and a viscous material 
after mixing the gas in the viscous material, a second pump for applying pressure to the mixture when it has been deliv- 
ered from the first pump, a tubular conduit through which the mixture under pressure is allowed to pass so that the gas 
may be distributed in the interior of the viscous material, and a discharge device for discharging the mixture when it has 
passed through the tubular conduit. 

45 Claim 28 refers to a pressure regulating valve for regulating the pressure applied to the mixture in the tubular con- 
duit. 

An apparatus as defined in claim 29 further includes a valve provided downstream of the tubular conduit and a 
pressure control unit for maintaining the pressure applied to the mixture in the tubular conduit, the control action of the 
pressure control unit being such that the valve is closed when the second pump stops applying pressure to the mixture 
so and that the second pump is actuated earlier than the opening of the valve. 

An apparatus as defined in claim 30 further includes a flow control unit for controlling the flow of the gas, a control- 
ling/driving device for controlling the suction capacity of the first pump in sucking the viscous material, a measuring 
device for measuring the pressure undergone by, and the density of, the viscous material in the discharge device, and 
a gas phase control unit adapted to transmit commands to the flow control unit and the controllingydriving device so as 
55 to control the gas phase which is distributed as bubbles in the interior of the viscous material, the commands being 
based on values measured by the measuring device. 

An apparatus as defined in claim 31 further includes a curing agent feeder for supplying a curing agent for curing 
the viscous material and means provided at one end of the discharge device and. adapted for mixing the curing agent 
with the aforesaid mixture when the curing agent has been supplied from the curing agent feeder. 
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An apparatus as defined in claim 32 comprises a first pump for delivering a viscous material, at least one piston 
P un£ for SgS in the viscous materia, in the delivery pipe of the first pump a second piston , pump to app^n 
nr^suVe to a mixture of the gas and the viscous material when the mixture has been delivered from said at least one 
I Z bourne Ttut a r con^urt through which the mixture under pressure is allowed to pass so that the gas may be *- 
S^Sor and a discharge device for discharging the mixture when . has passed 

through the tubular conduit. , 

In accordance with claim 33, a plurality of piston pumps are allotted for mixing the gas in the viscous mate nal. 
^SSHS^u imm^ regulating vahre for regulating the pressure applied to the m,xture ,n the tubufcr con- 

dUit An apparatus as defined in claim 35 further includes a valve provided downstream of the tubular conduit and a 
oress^r^runK for maintaining the pressure applied to the mixture in the tubular conduit, the control action of tine 
SrZure So, Z being such that thevalve is closed when the second piston pump stops applying pressure to the 
mixture and that the second piston pump is actuated earlier than the opening of the valve. 

££ * as to control the gas phase which is distributed as bubbles in the intenor of the viscous material, the com- 

as th^uJmaTer al The viscous materia, may have a hygroscopic setting, thermosetting or reaction-sensrbve prop- 
el TlSSS " may be a hot meft coating materia,. In any case, the desirable property is ft*. when the viscous 
ZZ ££Z discharged and foamed, it quickly cures or solidifies, with the gas phase distnbuted as bubbles in the 

interior of the viscous material 

Nitmaen carbon dioxide and air may be suitable for use as the gas. 

TS^rew pump, gear pump, trochoid pump, plunger pump and follower plate pump may be suitable for 
nQPaq the first DumD Preferably, the piston pump is of the constant flow type. 

The lerTh o^pipe used Js the tubular conduit for distributing the gas phase as bubbles m the interior o the «- 
cous ma i^ranges Jom several meters to ten-odd meters. This pipe is kept rectilinear, crcular or hehcal and « sup- 
Srt Jbv f^m^s As a mixture of the gas and the viscous material is put under pressure wh,le passing through the 

°* th ^oSe is'l^uefied when it is compressed to a pressure of 70 Kg/cm* or more at 20 £ 
carboncLde should be mixed in the viscous materia, at low pressure and then pressure should be butt up so as to 
SSy cSon dioxide in the mixture and allow dissolution and dispersion to occur in , ft. v,scous ML A Mm- 
SvhiSS degree of accuracy can also be achieved in controlling the mixing ratio of the viscous material to the gas. 

2£ dSe androgen used concomitantly with each other have an advantage that a high expansion ratio » 
^S(£Lon of fine bubbles is maintain* in the irttenor of the viscous 
canTelttributed to a difference in pressure required for regasifying the liquefied nrtrogen and carbon dm*. ^A confen 
uol drop olthe pressure in the course of resuming atmospheric pressure provides a condrtion enabling the regasfi- 
Son of tau^ Sen eaL than the regastficalion of liquefied carbon dioxide. Carbon dioxide, wh,ch . regasrf.ed 
2?t« Xtn to be concentratedlnto cavtoes formed as uniform cetis by antecedently regasrfied nitrogen. 

ppicF nPRHR IPTION OF THF DRAWINGS 

Fig. 1 is a schematic illustration of a circuit utilized in one embodiment of the invention; 
Fig. 2 is a sectional view of the inlet side of a single-shaft screw pump; 
Fig. 3 is a fragmentary sectional elevation of a piston pump; 

Fia 4 is a sectional view of a conduit assembly; . ,. ■^. 1 , rMnn . 

Fig. 5 is a schematic illustration of a portion of a circuit utilized in another embodiment of AkM. 
Fig 6 is a time sequence diagram useful in understanding the operation of the apparatus shown in Fio. 5. 
Fig 7 is a sTenSic illustration of a portion of a circuit utilized in still another err^iment of the 
F a 8 s a schematic illustration of a portion of a circuit utilized in yet still another embodiment of the nvention, 
Pig. 1 1 a time sJuenS diagram useful in understanding the operation of the apparatus shown ,n F,g. 8, wherein 
55 two piston pumps are alternately operated; and 

Fig. 1 0 shows a schematic view of a circuit that constitutes a prior art apparatus. 



40 



45 



50 



4 



BNSDOCID <EP 0776745A1 I > 



EP0 776 745 A1 



DETAILED DESCRIPTION 

Fig. 1 Is a schematic illustration of a circuit utilized in an apparatus 1 . Rg. 2 is a sectional view of the inlet side of a 
single-shaft screw pump 42. Fig. 3 is a fragmentary sectional elevation of a piston pump 51 . Fig. 4 is a sectional view 
5 of a conduit assembly 61 . 

The apparatus 1 includes a compressed gas feeder 1 1 and a mixer 12 for the implementation of the aforesaid first 
step. The apparatus 1 further includes a pressure device 13, distributor 14 and discharge device 15 for the implemen- 
tation of the aforesaid second, third and fourth steps respectively. All of these components are controlled by a control 
device 19. 

to The compressed gas feeder 1 1 comprises a tank 31 , pressure regulating valve 32, flow control unit 33, three-way 

valve 34, throttle valves 35 and 36, check valve 37 and pressure regulating valve 38. 

The tank 31 is filled with high-pressure nitrogen or carbon dioxide. The setting of the pressure regulating valve 32 

falls substantially within a range between 1 and 10 Kg/cm 2 . Because of this valve, the output pressure of the tank 31 is 

maintained at a predetermined low level. When air is to be used, the tank 31 should be replaced by a compressor. The 
is gas flow rate Qg measured by the flow control unit 33 is displayed on the screen of an indicator 33a. On the other hand, 

the flow control unit 33 controls the flow of the gas on the basis of a control signal S5 received from the control device 

19. 

The three-way valve 34 has a first outlet connected to the mixer 1 2 and a second outlet connected to a pipe opening 
outwardly. The tree-way valve 34 serves to reduce a control error caused in the flow control unit 33 by a difference in 
20 the gas flow rate between the case where the gas is supplied to the mixer 1 2 through the first outlet and the case where 
the gas is not supplied to the mixer 12 but is vented through the second outlet. Pressure differential in the flow control 
unit 33 between the case where the mixer 12 is operative and the case where it is inoperative is thereby kept constant. 
The flow control unit 33 works steadily. The dispersion of the mixing ratio of the viscous material to the gas is confined 
within a small tolerance. 

25 Low-pressure gas is supplied to the mixer 12 by the compressed gas feeder 1 1 at a predetermined pressure and 
gas flow rate. 

The mixer 12 comprises a sump 41 containing a viscous material MV, a single-shaft screw pump 42 for use as the 
aforesaid first pump, a motor M1 for driving the single-shaft screw pump 42, a cylinder assembly 43 supporting the sin- 
gle-shaft screw pump 42 and the motor M1 while permitting vertical displacement thereof such that the underside of the 

30 single-shaft screw pump 42 is adapted to bear upon the viscous material MV, and a tubular conduit 44 connecting the 
mixer 12 to the pressure device 13. For example, the viscous material MV may have a viscosity of 30,000 cps or more. 

As shown in Fig. 2, the single-shaft screw pump 42 comprises a stator 421 , rotor 422 and plate 423. One end 425 
of a gas pipe 424 tor admitting the gas from the compressed gas feeder 1 1 is disposed at the inlet SP1 of the single- 
shaft screw pump 42. When the rotor 422 is driven by the motor M1 , the viscous material MV is sucked from the inlet 

35 SP1. At the same time, the gas is supplied from the end 425 and mixed in the viscous material MV after passage 
through the inlet SP1 . A mixture of the gas and the viscous material MV is moved upwardly in the single-shaft screw 
pump 42 and delivered to the tubular conduit 44 at a delivery pressure of 1 00 Kg/cm 2 or less which normally falls within 
a range between 50 and 100 Kg/cm 2 . Suction pressure in the vicinity of the inlet SP1 is as low as 1 Kg/cm 2 or less. 
Thus, low-pressure gas is introduced into the single-shaft screw pump 42. The rotating speed of the motor Ml is con- 

40 trolled by a signal S4 generated by the control device 19. The flow of the mixture through the single-shaft screw pump 
42 is controlled thereby. 

As shown in Fig. 3, the pressure device 13 comprises a piston pump 51 for use as the aforesaid second pump, a 
motor M2 for driving the piston pump 51 , valves 52 and 53, a pressure gauge 54 and a pressure sensor 55. 

The piston pump 51 comprises a cylinder 51 1 , piston 512 and annular seal 513. When the piston 512 is subjected 
45 to upward movement with the valve 52 open and the valve 53 closed, the mixture of the gas and the viscous material 
MV, which has been delivered from the mixer 12, is sucked into the cylinder 51 1 . When the piston 512 is lowered with 
the valve 52 closed and the valve 53 open, the mixture is forced out of the cylinder 51 1 at an extrusion pressure of 150 
Kg/cm 2 or more. The internal pressure of the cylinder 51 1 is detected by the pressure sensor 55 and outputted to the 
control device 19. The pressure gauge 54 outputs a signal when it detects a preset pressure. The flow of the mixture 
so through the piston pump 51 , as well as the inlet velocity and the extrusion rate of the piston pump 51. is controlled by 
the rotating speed of the motor M2, which in turn is controlled by a signal S3 generated by the control device 19. 

Referring again to Fig. 1, the distributor 14 comprises a conduit assembly 61, pressure regulating valves 62 and 
63, and pressure gauges 64 and 65A. 

As shown in Fig. 4, the conduit assembly 61 comprises a pair of plates 61 1 and 612 disposed in spaced parallel 
55 relation with each other and interconnected by a plurality of rods 613. Ports 615 and 616, which receive the journal por- 
tions of a helical pipe 61 4, are provided in the plates 61 1 and 61 2 respectively. The helical pipe 61 4 corresponds to the 
aforesaid tubular conduit through which the mixture under pressure is allowed to pass so that the gas may be distrib- 
uted in the interior of the viscous material. The conduit assembly 61 may consist solely of a helical pipe. 

The helical pipe 614 may be a steel pipe having an overall length of 5 to 10 meters in case of a nominal bore of 3/8 
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inch and having an overall length of 2 to 10 meters in case of a nominal bore of 1/4 inch. For example, tae bubU« hw- 
naamS 

S^cSSTsi 1 at an extrusion pressure of 150 Kg/cm* or more, preferably at 200 to 250 Kg/cm* and allowed 
to pass through the conduit assembly 61 at the rate of 200 cc/mm. 

An explanation for the distribution of fine bubbles in the interior of the viscous material MV may beprov.ded as ft* 
kJouring the passage of the gas through the helical pipe 614, large bubbles move toward the pipe wall where flie 
to^veSy is Thteis because the viscosity of gas is much lower and the ^^J^^^Xi 
ten those of the viscous material MV. Shear force developed between the ppe wall and the vscous matenaH W 
se^es to tear the large bubbles to fine bubbles and distribute them in the interior of the vscous material MV Each d 
the f^ buSes contacts as it is put under high pressure. The resuft is that it becomes uftrafine to such ar, extent that 
t provktes only a sma.l difference from the viscous materia! MV in the viscosity and speof.c ^<»™^*" 
ultraf ine bubbles return from the pipe wall to the inner portion of the pipe. The bubbles expand when the mte na pres- 
sure of the pipe drops. They move again toward the pipe wait, where they undergo shear force agan. As th.s course of 
events is repeated the gas is torn and distributed in the interior of the viscous material MV. 

TnereSler conjecture to offer on the cause of distribution of fine bubbles in the interior of the vscous mat^ 
MV. When the mixture under pressure is allowed to pass through the tubular conduit a pressure ^diert oc^rs due to 
a pressure loss in the tubular conduit. In Ihe low-pressure area, lumps of gas expand, collapse and break up Continu- 
of expansion, collapse and breakup to which the lumps of gas mixed in the ^"^V* 
.ec^in the tubular conduit allows fine bubbles to be distributed in the interior of the viscous material. Foamed material 
is obtained when the mixture of the gas and the viscous material is discharged into the air. 

The internal pressure, bore and pipe length of the helical pipe 614 should be determined on the basis of the vis- 
cositv and the specific gravity of the viscous material MV and the desired discharge rate. 

p£EZSL to the viscous material MV in the conduit assembly 61 is maintained at a high level by means of 
the pressure regulating valves 62 and 63. The setting of the vafve 62 falls substantially *a range between 150 and 
350 Ko/crn 2 while the setting of the valve 63 falls substantially within a range between 50 anc 1 250 Kg/cm • 

REng agin to fig. 1 the mixture of the gas and the viscous material MV te delivered from the distributor 14 to 
the discharge Sice 15 When the mixture is discharged from the discharge device 15, the pressure which has been 
ipfii to ti^e mixture is dropped to atmospheric pressure so as to effect foaming. The discharge dev,ce 1 5 compnses 
a discharoe pipe 71 discharge valve 72, nozzle 73. densitometer 74 and pressure sensor 75. 

^ S^ered from the distributor 14 undergoes a gradual pressure drop to atmospheric pressure during 
oassaqe tough the discharge pipe 71 . The pressure drop allows the gas to expand. When the discharge valve 72 ,s 
Sen toe Set dfcSargld tough the nozzle 73. The discharge of the mixture will 

of the pressure which will resuft in foaming. In older to apply the foamed viscous material MV to an object, the nozzle 

73is ™r r ;r™ 

during parage there through. Signals S1 and S2 developed respectively by the densitometer 74 and the pressure sen- 

S3 to S5 for controlling the gas flow rate Qg and the suction capacity of the sing e*haft. .crew pump «« , « to ^ allow 
the expansion ratio A to assume a prescribed value. The whole of the apparatus 1 ,s controlled by the control device 19 
such^a series of processes for discharging the viscous materia MV are subjected to on-Hne control so as to allow 
the expansion ratio A to assume a prescribed value. The expansion ratio A is given by 



A = V 1 /V 0 



where 



Vl = volume per unit mass of viscous material after foaming (i.e. after discharge into the air) 
V 0 = volume per unit mass of viscous material before foaming 

An expansion ratio A of about 1 to 4 can be set in the apparatus 1. The set value normally falls within a range 
between 2 and 4 when the viscous material is intended for use as a gasket to be formed at a jot . sita 

In the apparatus 1. the inlet SP1 of the single-shaft screw pump 42 gets a supply of the gas from the tank 31 at 
pressures wKch are substantially as low as atmospheric pressure. Consequentiy, the ™ngrabo d Mhe i jiscous ^mate- 
rial MV to the gas can be controlled with high accuracy by controlling the gas flow rate Qg. This means tha the expan- 
ston ratio A oTthe viscous material MV can be accurately controlled so as to uniformly foam the matenal. Srnce gas 
T^hSXSi 31 need not be a high-pressure storage tank, ft is even possible to allow a compressor to sup- 

P,V t?o^dTmSe a under pressure is allowed to pass through the conduit assembly 61. Wfth such an 
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arrangement it is possible to tear the large bubbles to fine bubbles and improve the efficiency in distributing them in the 
interior of the viscous material. The conduit assembly 61 is simple enough in construction to facilitate maintenance work 
and make the apparatus relatively inexpensive in cost. The conduit assembly 61 can be used concomitantly with an 
ordinary mixer such as a power mixer or a static mixer in the aforesaid second, third or fourth step. 

s The apparatus 1 may take various forms. 

Fig. 5 shows a pressure device 13a, distributor 14a and discharge device 15a utilized in another embodiment 1a of 
the invention. Fig. 6 is a time sequence diagram useful in understanding the operation of the apparatus 1 a. In Rg. 5 and 
those that follow, like characters designate corresponding parts shown in Fig. 1 . 

In the apparatus la, the aforesaid pressure regulating valve 63 is replaced by a valve 65, which is installed in the 

io discharge pipe 71 a provided downstream of the conduit assembly 61 . In the aforesaid apparatus 1 , pressure applied to 
the viscous material in the conduit assembly 61 is maintained at a predetermined level by means of the pressure regu- 
lating valve 63. The apparatus 1a differs from the apparatus 1 by the fact that the same object as mentioned above is 
accomplished by allowing the discharge pipe 71a to have a smaller bore and hence a larger line resistance and by suit- 
ably controlling the valve timing of the valve 65. 

75 As shown in Figs. 5 and 6, the extrusion pressure of the piston pump 51 is detected by the pressure sensor 55, 
which develops a signal S6 when the detected pressure is greater than or equal to a set value ( 1 50 to 350 Kg/cm 2 ) and 
an alarm signal S7 when the detected pressure is greater than or equal to 400 Kg/cm 2 , which is a maximum allowable 
value for the apparatus. An extrusion signal causes the viscous material MV to be forced out of the piston pump 51. 
During the time when the extrusion signal is developed and the viscous material MV is made ready for being dis- 

20 charged, the valves 65 and 72 are opened to discharge and foam the viscous material MV. During the extrusion of the 
viscous material M V, pressure developed by the line resistance of the discharge pipe 71 a gives rise to internal pressure 
at a predetermined high level in the interior of the conduit assembly 61 . Even if the extrusion signal is still developed, 
the valves 65 and 72 are closed and a switchover to the suction stroke is automatically made when a proximity sensor 
mounted on the piston pump 51 develops a signal indicating that the piston of the piston pump 51 has reached the bot- 

25 torn position of its extrusion stroke. A signal S7 developed by the pressure sensor 55 is regarded as the indication that 
an abnormal condition such as the choking-up of the pipeline has occurred. In this case, the apparatus is stopped and 
an alarm is given. 

When the extrusion signal stops being developed, the valves 53. 65 and 72 are closed and the valve 52 is opened. 
Then the suction stroke of the piston pump 51 is effected. Then, while the valves 65 and 72 are kept closed, the valve' 
30 53 is opened and the valve 52 is closed. Then the extrusion stroke of the piston pump 51 is effected just for a little while. 
Thereby the viscous material MV is forced out of the piston pump 51 and the signal S6 is developed by the pressure 
sensor 55. The states of the valves 52, 53, 65 and 72 are left unchanged and the piston pump 51 is stopped and allowed 
to stand by, with the internal pressure of the conduit assembly 61 maintained at a predetermined level so as to prevent 
it from being dropped at the subsequent time when the discharge signal is developed and the extrusion stroke of the 
35 piston pump 51 is effected. Consequently, the distribution of the gas phase in the interior of the viscous material is prop- 
erly effected in the conduit assembly 61 . 

The apparatus 1a is relatively inexpensive in cost in so far as the pressure regulating valve 63 is unnecessary. 
Still another embodiment 1b of the invention illustrated in Fig. 7 includes a curing agent feeder 16 which permits 
double-fluid curing type viscous materials to be used. A curing agent MS is introduced into, and mixed with, the viscous 
40 material MV in a manifold 76 provided at the downstream end of the discharge pipe 71b. A check valve is incorporated 
in the manifold 76, in which the curing agent MS is mixed to a sufficient degree with the viscous material MV by means 
of a power mixer or a static mixer 77. Then the mixture is discharged. 

The curing agent feeder 16 comprises a supply pipe 86, a flowmeter, valves 88 and 89. 

The curing agent MS is contained in a curing agent tank 82, from which the supply pipe 86 leads to the manifold 
45 76 so as to allow the curing agent MS to join the viscous material MV. Much latitude is allowed in the selection of the 
mixing ratio of the curing agent MS to the viscous material MV, because the flows of the viscous material MV and the 
curing agent MS are determined by the working conditions of the piston pump 51 and a curing agent pump 83 respec- 
tively. 

the cure rate can be quickened by the apparatus 1b, because double-fluid curing type viscous materials can be 
so used. Only a few components need to be washed, because the curing agent MS is allowed to join the viscous material 
MV at the downstream end of the discharge pipe 71b. 

Reference will now be had to the case where carbon dioxide is used as the gas to be mixed in the viscous material. 
Carbon dioxide is in a gasified state at low pressures and is easily liquefied at high pressures (e.g. at 70 Kg/cm 2 at 
20°C). Because of this property, it is easy to control the flow of the gas when the gas is to be mixed in the viscous mate- 
55 rial. A high degree of accuracy can be achieved in controlling the mixing ratio of the viscous material to the gas. A uni- 
form distribution of fine bubbles can also be achieved in the interior of the viscous material. 

Referring again to the apparatus 1 shown in Fig. 1, the tank 31 incorporated in the compressed gas feeder 1 1 is 
filled with high-pressure carbon dioxide. The setting of the pressure regulating valve 32 is less than 10 Kg/cm 2 , prefer- 
ably about 7 Kg/cm 2 by way of example. Because of this valve, the output pressure of the tank 31 is maintained at a 
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SSatZr* toed and ctS ln Me d 1 n*. i nt e n«o> W ,» B c« m «„„ a l. Con- 

Pressure undergone by the viscous material to be supplied to the p.ston pumps 45A and 45B s ^f^^^ 
of a Z as a piston valve) installed in the tubuiar conduit 39A under the condfon that the fo.lo.er plate 

pump 42A is in course of subjecting the viscous material to pressure feed. 

Pressure underaone by the gas to be supplied to the piston pumps 45A and 45B is adjusted by means ot a pres 

' ^The mixture is delivered from the piston pump 51 to the helical pipe 61 4 allotted for distributing the gas in the inte- 
rior P—ge Lugh the heHcal pipe 614, the gas is distributed, dissolved and m,xed ,n 

^ ^"^S^h the case where a single piston pump is used as the aforesaid at least one piston pump, the gross 
, dischtrg^^ 

5 discharge rare wn.cn «" ' continuously effected. More than two piston pumps may be used. A 



stroke. 
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The piston pumps 45A and 45B may be operated alternately. Alternatively, one piston pump may be operated inde- 
pendently, with the operation of the other being suspended. The user of the apparatus ic shown in Fig. 8 can choose 
between these two modes of operation and make a switchover from one mode of operation to the other. 

Fig. 9 is a time sequence diagram useful in understanding the operation of the apparatus shown in Fig. 8, wherein 
5 two piston pumps 45A and 45B are alternately operated. 

Referring now to Fig. 9, the control over the piston pumps 45A and 45B is timed to a suction signal transmitted to 
the piston pump 51 used as the aforesaid second piston pump. In Fig. 9. the piston pumps 45A and 45B are referred to 
as a "pump V and a "pump 2" respectively. 

During the downward movement of the piston in the f irst discharge stroke of the piston pump 45A, the piston of the 
w piston pump 45B stands by in the top position with the gas and the viscous material sucked. When the piston of the 
piston pump 45A has reached the bottom position of its discharge stroke, the piston of the piston pump 45B begins to 
move downwardly for the implementation of the discharge stroke. 

During the discharge stroke of the piston pump 45B, the piston pump 45A sucks the gas and the viscous material 
and stands by for the subsequent discharge stroke. 
is Control valves for supplying the piston pumps 45A and 45B with the gas and the viscous material are opened and 
closed in accordance with time pre-set in timers. For example, during the upward movement of the piston in the suction 
stroke of the piston pump 45A, a control valve V3 for supplying the piston pump 45A with the gas is open for the length 
of pre-set time. During this pre-set time, the piston pump 45A is supplied with the gas. When the time is up, the control 
valve V3 is closed and a control valve V1 is opened for supplying the piston pump 45A with the viscous material. 
20 During the upward movement of the piston in the suction stroke of the piston pump 45B, a control valve V4 for sup- 
plying the piston pump 45B with the gas is open. When the piston pump 45B has been supplied with the gas, a control 
valve V2 is opened for supplying the piston pump 45B with the viscous material. The length of time to be pre-set in the 
timers is determined by parameters such as the viscosity of the viscous material. 

Thus the discharge stroke of the piston pump 45B begins when the discharge stroke of the piston pump 45A has 
25 ended, in this manner, the discharge stroke of one piston pump alternating with that of the other permits the continuous 
discharge of the mixture to be effected by two piston pumps used as the aforesaid at least one piston pump. 

In the apparatuses 1, 1a, 1b and 1c, the single-shaft screw pump 42 may be replaced by a gear pump, trochoid 
pump, etc., and the piston pump 51 may be replaced by a gear pump, plunger pump, etc. The conduit assembly 61 may 
be used concomitantly with a power mixer or a static mixer. Should it be at any time desired to make changes in the 
30 construction, shape, dimension, material, number and operational time sequence of any of these apparatuses or of the 
distributor 14, changes may be made therein without departing from the nature and principle of the invention. 

Having now described the instant inventive concept in more general terms, the following specific examples, in 
which the apparatus 1 c was used, will serve to illustrate the same: 

35 Example 1 

A polyurethane sealant having a hygroscopic setting property and a viscosity of 200,000 cps, e.g. RD-41 61 sold by 
Sunstar Engineering Inc., was used as the viscous material MV. Carbon dioxide and nitrogen were used as the gases 
to be mixed in the viscous material MV. Various values of the gas flow rate Qg were used. The results of the experiment 
40 are given in Table 1. 



TABLE 1 



Example 


Kind of gas 


Gas supply 
pressure 
(Kg/cm 2 ) 


Gas flow rate 
(NUmin) 


Pressure 
applied to mix- 
ture (Kg/cm 2 ) 


Expansion ratio 


Distribution of 
cells 


1 


C0 2 


7.0 


0.20 


200 


2.20 


Very uniform 


2 


C0 2 


7.0 


0.40 


190 


3.80 


Very uniform 


3 


C0 2 


7.0 


0.60 


185 


5.60 


Very uniform 


4 


N 2 


7.0 


0.20 


190 


2.20 


Very uniform 


5 


N 2 


7.0 


0.40 


180 


2.80 


Very uniform 



55 

Table 1 indicates that high expansion ratio and very uniform distribution of cells are obtained from carbon dioxide 
used as a gas to be mixed in the viscous material. 

Likewise, high expansion ratio A was obtained from an experiment conducted under similar conditions wherein car- 
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Example 2 

urethane sealant having a hygroscopic setting/cold setting property. The results of the first memo «p 
given in Table 2. 



TABLE 2 



Example 


Kind of material 




Expansion ratio 
immediately after 


Expansion ratio 
after curing 








coating 
5.40 


5.20 


6 
7 


Thermosetting polyuretnane 
Hygroscopic setting polyuretnane 


80°Cx10min 
20°Cx16hrs 


S60 


3.30 



15 



20 



25 



30 



35 



40 



45 



50 



55 



TaWe2 indicatesthatthee^^ 
at relatively low temperatures. . ked decljne jn ^ expansion ratio A of a foamed 

and • suitable expansion olio to be obteined . . ^ „ ressuie ^to, to me mixlure in the 

jro^s«i^ 

« ««ad i» Mm 27 to 36 ia aintole in aona.nxt.on art * oopnbto of u*™* die***, to. 

obtaining a high cure rate. 
Claims 

1 . A method of foaming a viscous material comprising the steps of: 

mixing gas in a viscous ^material; ^ns of a pum P (51); 

£S£££ S tcous materia, by „ W ing sa« mixture under pressure to pass 

through a tubular conduit(61 4) ; and 
foaming said viscous material by discharging said mixture. 

2. A method of foaming a viscous material comprising the steps of: 

delivering a mixture of gas and a viscous material after mixing said gas in said viscous materia, by means of a 
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first pump(42)(45A)(45B); 

applying pressure to said mixture by means of a second pump(51); 

distributing said gas in the interior of said viscous material by allowing said mixture under pressure to pass 
through a tubular conduit(614); and 
5 foaming said viscous material by discharging said mixture through a discharge pipe(71). 

3. A method as defined in claim 2, wherein a mechanical suction pump is used as said first pump(42)(45A)(45B). 

4. A method as defined in claim 2 or 3, wherein carbon dioxide is used as said gas. 

10 

5. A method as defined in claim 2 or 3, wherein carbon dioxide and nitrogen are used concomitantly with each other 
as said gas. 

6. A method as defined in any of claims 2 to 5, wherein the mixing ratio of said viscous material to said gas is control- 
15 led by controlling the flow rate of said gas and the suction capacity of said first pump(42)(45A)(45B) in sucking said 

viscous material during the first step, said flow rate and said suction capacity being controlled according to the 
pressure undergone by, and the density of, said viscous material in said discharge pipe. 

7. A method as defined in any of claims 2 to 6, wherein a piston pump is used as said second pump(51 ). 

20 

8. A method as defined in any of claims 2 to 7, wherein said mixture provided in said first step is delivered to the sec- 
ond step at a delivery pressure of 100 Kg/cm 2 or less and, in said second step, said mixture is put under pressure 
amounting to 100 Kg/cm 2 or more. 

25 9. A method as defined in any of claims 2 to 8, wherein said mixture is allowed to pass through a static mixer(77) in 
the second, third or fourth step. 

1 0. A method as defined in any of claims 2 to 8, wherein said mixture is allowed to pass through a power mixer in the 
second, third or fourth step. 

30 

1 1 . A method as defined in any of claims 2 to 1 0, wherein a pressure regulating valve(63) for maintaining the pressure 
applied to said mixture in said tubular conduit(614) at a predetermined level is provided downstream of said tubular 
conduit(614). 

35 12. A method as defined in any of claims 2 to 1 1, wherein said second pump(51) is actuated in association with a 
valve(65) installed in a line for directing said mixture therethrough during said fourth step, said second pump(51) 
being actuated earlier than the opening of said valve(65). 

13. A method of foaming a viscous material comprising the steps of: 

40 

mixing gas in a viscous material in the interior of at least one piston pump(45A)(45B) installed in the delivery 
pipe of a first pump(42A) allotted for delivering said viscous material; 

applying pressure to a mixture of said gas and said viscous material by means of a second pump(51); 
distributing said gas in the interior of said viscous material by allowing said mixture under pressure to pass 
45 through a tubular conduit(61 4) ; and 

foaming said viscous material by discharging said mixture from said tubular conduit(614). 

14. A method as defined in claim 13, wherein a follower plate pump is used as said first pump(42A). 

so 15. A method as defined in claim 13 or 14, wherein said gas is the first to be supplied to said at least one piston 
pump(45A)(45B) during the first step, followed by4 supply of said viscous material. 

16. A method as defined in any of claims 13 to 15, wherein said gas to be mixed in said viscous material is supplied to 
said at least one piston pump(45A)(45B) separately from said viscous material. 

55 

1 7. A method as defined in any of claims 1 3 to 16, wherein a plurality of piston pumps(45A)(45B) are allotted for mixing 
said gas in said viscous material. 

18. A method as defined in any of claims 13 to 17, wherein the mixing ratio of said viscous material to said gas is con- 
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gas in supplying them to said a. laaa one piston pg™p(45A)(45B) donng M tat slap 
„. a nta»« as «M in an, .. **. « . «. M EKES £S pSn 

the density of, said viscous material in said discharge pipe(71). 

20. A method as defined in any of claims 13 to 19, wherein carbon dioxide is used as said gas. 

21 . A method as defined in any of claims 13 to 19. wherein camon dioxide and nHrogen are used concomitantly with 
each other as said gas. 

22. A method as defied in any of claims 13 to 21 , wherein a piston pump is used as said second pump(51 ). 

23. A method as defined in any of ctoims 13 to 22, wherein sad mixture is aUowed to pass through a static mixer(77) 
in the second, third or fourth step. 

24. A method as defined in any of Cairns 13 to 22, wherein said mixture is a.lowed to pass through a power mixer in 
20 the second, third or fourth step. 

. ^ ■ «™ m Haimc 1* to 24 wherein a pressure regulating valve for maintaining the pressure 
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15 



conduit(614). 

25 



being actuated earlier than the opening of said valve(65). 
so 27. An apparatus for foaming a viscous material comprising: 

a f irst pump(42)(45A)(45B) for delivering a mixture of gas and a viscous material after mixing said gas in said 
f sSTS(51) for applying pressure to said mixture when it has been delivered from said M 
S23 through which sa* mixture under pressure is a.lowed to pass so that said gas may be 

«, 28. An apparatus as defined in claim 27, further including a pressure regulating va.ve(63) for regulating the pressure 
applied to said mixture in said tubular condu*it(6H). 
29 An apparatus as defined in claim 27 or 28. further including: 

pump(51 ) stops applying pressure to said mixture ana tnat saio seconu P u ^ , 
opening of said valve(65). 

30. An apparatus as defined in any of claims 27 to 29, further including: 

: ssru * - - * — - — 
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said commands being based on values measured by said measuring device. 

31. An apparatus as defined in any of claims 27 to 30, further including: 

a curing agent feeder(16) for supplying a curing agent tor curing said viscous material; and 

means provided at one end of said discharge device and adapted for mixing said curing agent with said mixture 

when said curing agent has been supplied from said curing agent feeder(16). 

32. An apparatus tor foaming a viscous material comprising: 



a first pump(42A) for delivering a viscous material; 

at least one piston pump(45A)(45B) for mixing gas in said viscous material in the delivery pipe of said first 
pump(42A); 

a second piston pump(51) for applying pressure to a mixture of said gas and said viscous material when said 
is mixture has been delivered from said at least one piston pump(45A)(45B); 

a tubular conduit(614) through which said mixture under pressure is allowed to pass so that said gas may be 
distributed in the interior of said viscous material; and 

a discharge device(1 5) for discharging said mixture when it has passed through said tubular cortduit(61 4). 

20 33. An apparatus as defined in claim 32, wherein a plurality of piston pumps(45A)(45B) are allotted for mixing said gas 
in said viscous material. 

34. An apparatus as defined in claim 32 or 33, further including a pressure regulating valve(63) for regulating the pres- 
sure applied to said mixture in said tubular conduit (614). 



35. An apparatus as defined in any of claims 32 to 34, further including: 



a valve(65) provided downstream of said tubular conduit(614); and 

a pressure control unit(19) for maintaining the pressure applied to said mixture in said tubular conduit(614), the 
30 control action of said pressure control unit(19) being such that said valve(65) is closed when said second 

pump(51) stops applying pressure to said mixture and that said second pump(51) is actuated earlier than the 
opening of said valve(65). 



36. An apparatus as defined in any of claims 32 to 35, further including: 



a flow control unit(33) for controlling the flow of said gas; 

a controlling/driving device for controlling the supply capability of said at least one piston pump(45A)(45B) in 
sucking said viscous material; 

a measuring device for measuring the pressure undergone by, and the density of, said viscous material in said 
40 discharge device( 1 5) ; and 

a gas phase control unit adapted to transmit commands to said flow control unit(33) and said controlling/driving 
device so as to control the gas phase which is distributed as bubbles in the interior of said viscous material, 
said commands being based on values measured by said measuring device. 

45 
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